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l> (54) Title: LIPOSOME TARGETING OF MATRIX METALLOPROTEINASE INHIBITORS 

(57) Abstract: The present invention relates to targeted cancer therapy, and concerns specifically the use of small matrix metal - 
loproteinase inhibitors in improving targeting of liposomes to cancer cells, and in enhancing the uptake thereof to such cells. The 
invention thus provides a method for treating cancer, as well as a method for improving targeting of liposomes to tumor cells, a 
method for enhancing the uptake of liposomes by tumor cells, and a method for selected liposomal delivery of chemotherapeutic 
)^ agents into tumor cells. 
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Liposome targeting of matrix metalloproteinase inhibitors 
Field of the Invention 

5 The present invention relates to targeted cancer therapy and concerns specifically the use 
of small matrix metalloproteinase inhibitors in improving targeting of liposomes to cancer 
cells, and in enhancing the uptake thereof to such cells. The invention thus provides a 
method for treating cancer, as well as a method for improving targeting of liposomes to 
tumor cells, a method for enhancing the uptake of liposomes by tumor cells, and a method 
10 for selected liposomal delivery of chemotherapeutic agents into tumor cells. 

Background of the Invention 

Matrix metalloproteinases (MMPs) constitute a family of enzymes capable of degrading 
15 the basement membrane and extracellular matrix (ECM), thus contributing to tissue 
remodeling and cell migration (Koivunen et al. y 1999; Shapiro, 1997). MMPs can be 
divided into subgroups, one of which is constituted by the type IV collagenases or 
gelatinases, MMP-2 and MMP-9. Expression of gelatinases in normal cells such as 
trophoblasts, osteoclasts, neutrophils, and macrophages is tightly regulated. Similarly to 
20 other MMPs, gelatinases are secreted in an inactive form (pro MMP) and proteolytic 
cleavage is needed for their activation. 

Elevated or unregulated expression of gelatinases and other MMPs can contribute to the 
pathogenesis of several diseases, including tumor angiogenesis and metastasis, 

25 rheumatoid arthritis, multiple sclerosis, and periodontitis. Compounds inactivating gela- 
tinases may thus provide potential therapeutic means for cancer and inflammatory dis- 
orders (Sorsa et al. y 1994; Lauhio et a/., 1991). Although a number of MMP inhibitors 
have been described, specific inhibitors of gelatinases have not been available (Lauhio et 
al. 9 1991). Recently, we screened random phage peptide libraries with the aim to develop 

30 a selective inhibitor against this MMP subgroup. The most active peptide derived, 
abbreviated CTT, was found to selectively inhibit the activity of MMP-2 and MMP-9 of 
the MMP family members studied (Koivunen etaL y 1999). CTT also inhibited endothelial 
and tumor cell migration in vitro, as well as tumor progression in vivo in mouse models, 
indicating the importance of gelatinases in tumor invasion. 
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Experiments in mice bearing tumor xenografts showed that CTT-displaying phages were 
accumulated in the tumor vasculature after their intravenous injection into the recipient 
mice. Targeting of the phage to tumors was inhibited by the coadministration of CTT 
5 peptide (Koivunen et a/., 1999). These results suggest that CTT, besides being a potent 
antitumor agent itself by blocking cancer cell migration and angiogenesis, may also be 
utilized for targeting of chemotherapeutics to tumors. 

In chemotherapy, only a fraction of the drug reaches the cancer cells, whereas the rest of 
10 the drug may damage normal tissues. Adverse effects can be reduced by the 
administration of cancer drugs encapsulated in liposomes (Lasic et al. 9 1995). Improved 
liposome compositions have been described, so as to enhance their stability and also to 
prolong their lifetime in the circulation (Tardi et al, 1996). Both in vitro and in vivo 
studies on the development of liposomes targeted to cancer cells have been reported 
15 (Northfelt et aL % 1996; Adlakha-Hutcheon et al 7 1999). Enhanced selectivity can be 
obtained by derivatizing the liposomes with specific antibodies recognizing plasma 
membrane antigens of target cells, thus augmenting the uptake of liposomes by cells 
(Storm and Crommelin, 1998). As both MMP-2 (Toth et al y 1997) and MMP-9 (Brooks 
et aL, 1996) are bound by specific cell surface receptors, these enzymes represent 
20 potential receptors for liposome targeting to invasive cells, such as tumor cells and 
angiogenic endothelial cells. 

Furthermore, phospholipids conjugated to monomethoxy polyethylene glycol (PEG) have 
been widely used ever since 1984 when Sears coupled, via an amide linkage, carboxy- 
25 PEG and purified soy phosphatidyl ethanolamine (PE) (Sears, 1984). The addition of 
PEG onto the liposome surface attracts a water shell to surround the liposome. This shell 
prevents the adsorption of various plasma proteins (opsonins) to the liposome surface so 
that liposomes are not recognized and taken up by the reticuloendothelial system. 

30 Summary of the Invention 

The present invention is based on the finding that certain MMP inhibitory peptides im- 
prove the targeting of liposomes to cancer cells and enhance the uptake thereof by such 
cells. 
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Consequently, the invention is directed to the use of peptide compounds having the cyclic 
motif of C(X) y HWGFXXC (SEQ ID NO:l or 3) or peptide compounds having the linear 
motif of S(X) y HWGFXXS (SEQ ID NO:4 or 5), wherein X is any amino acid residue and 
5 y is an integer of 2 or 3, in improving targeting of liposomes to tumor cells, or in 
enhancing the uptake of liposomes to tumor cells. 

Further objects of the invention are the corresponding methods, i.e. a method for im- 
proving targeting of liposomes to tumor cells of a patient, and a method for enhancing the 
10 uptake of liposomes by tumor cells, wherein at least one peptide compound having the 
cyclic motif of C(X) y HWGFXXC, or a peptide compound having the linear motif of 
S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 or 3, is 
mixed with the liposomes and the mixture obtained is administered to the patient. 

15 Still another object of the invention is a method for selected liposomal delivery of 
chemotherapeutic agents into tumor cells of a patient, wherein at least one peptide 
compound having the cyclic motif of C(X) y HWGFXXC or a peptide compound having 
the linear motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y is an 
integer of 2 or 3, is mixed with the liposomes carrying at least one chemotherapeutic 

20 agent, and the mixture obtained is administered to the patient. 

The invention thus provides a method for treating cancer in a patient, by obtaining 
liposomes carrying at least one chemotherapeutic agent, mixing with the liposomes at 
least one peptide compound selected from the group consisting of peptides having the 
25 cyclic motif of C(X) y HWGFXXC and peptides having the linear motif of S(X) y H- 
WGFXXS, wherein X is any amino acid residue and y is an integer of 2 or 3, and 
administering the mixture obtained to the patient. 

In a further, preferred embodiment of the invention the above defined methods are carried 
30 out so that polyethylene glycol (PEG) is attached to the liposomes, preferably onto the 
liposome surface, before mixing the peptide compound with the liposomes. 

A still further object of the invention is a diagnostic method, wherein the peptide 
compounds as described are used to target a label to a suspected tumor. A radioactive or 
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magnetic label can be attached to C(X) y HWGFXXC peptide, or inside a liposome, or on 
the surface of the liposome, which is targeted to the site of the tumor by the C(X) y H- 
WGFXXC peptide. Tumor diagnosis is performed by i.v. injection of a labelled peptide or 
peptide liposomes, and measured by gamma imaging or autoradiography. 

5 

Another object of the invention is a diagnostic or imaging composition, which comprises 
liposomes, at least one peptide compound selected from the group consisting of peptides 
having the cyclic motif of C(X) y HWGFXXC and peptides having the linear motif of 
S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 or 3, and 
10 a detectable label. 

A suitable detectable label for the purposes of this invention is a radioactive label, a 
magnetic particle or a fluorescent label. 

15 The invention is hereinbelow described in more detail referring to the accompanied 
drawings. 

Brief description of the drawings 

20 Figure 1A. Inhibition of MMP-2 activity by CTT, CLP, STT, and CWL peptides each at 
85 \iM concentration and assessed by casein zymography. Results are shown as the 
percentage of area digested, where uninhibited MMP-2 is taken as 100%. Error bars 
represent standard deviation for three separate experiments. 

25 Figure IB, Inhibition of MMP-9 by free CTT (o) and bound to liposomes (•) measured 
using the fluorogenic substrate as described in Materials and Methods. Total concen- 
tration of the phospholipid was 200 jaM POPC/POPE (80/20 mol/mol). Data points repre- 
sent mean values from triplicate experiments with bars illustrating standard deviation. 

30 Figure 2. Penetration of CTT (•), CLP (■), and STT (a) into an eggPC monolayer, 
evident as an increase in surface pressure (Arc) after the addition of the indicated peptide 
into the aqueous subphase. Data are shown as a function of the initial surface pressure 

(*>)■ 
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Figure 3A. Anisotropy (r) for the Trp residue of CTT as a function of POPC/POPE 
(80/20 mol/mol) concentration. The data points represent the average from five measure- 
ments with error bars giving the standard deviations. To improve signal-to-noise ratio the 
5 signal was averaged for 15 sec. Concentration of CTT was 5 jaM in PBS and temperature 
was 37°C. 

Figure 3B. Trp emission intensity for free CTT peptide (o) and its liposome complex (•) 
was measured using F as a water soluble collisional quencher. The data points represent 
10 two separate measurements. 

Figure 4A to 4F. Fluorescence microscopy images of rhodamine B intake by U937, 
CHO, and HT1080 cells incubated with PC/PE (80/20, molar ratio) liposomes with the 
encapsulated fluorescent marker and with the targeting peptide CTT, as indicated. Panels 
15 A and B show U 937 cells, which have been incubated with liposomes with and without 
CTT, respectively. Panels C and D illustrate the same experiment for HT 1080 cells and 
panels E and F for CHO cells (exposure time prolonged ten fold). 

Figure 5A, Effects of the indicated peptides on the uptake of rhodamine B containing 
20 liposomes (PC/PE, 80/20 molar ratio) by U937 cells. Total lipid, rhodamine B, and 
peptide concentrations were 200 |iM, 2 |aM, and IOOjiM, respectively. The data are 
normalized by comparing rhodamine fluorescence of the cells incubated with liposomes 
with the added peptide (I) to cells incubated with liposomes without the peptides (I 0 = 
control). Error bars represent standard deviation (n=3). 

25 

Figure SB. CTT was added to liposomes encapsulating the soluble fluorescent marker 
rhodamine B. Uptake of this fluorophore by HT1080 cells was determined following a 30 
min incubation with liposomes at 37°C or 4°C. The data points are means ± SD from 
triplicate wells. 

30 

Figure 6. Effects of the indicated antibodies on the uptake of rhodamine B containing 
liposomes (PC/PE, 80/20 molar ratio) by HT 1080 cells. Results are shown as the 
percentage of rhodamine fluorescence of the cells incubated with liposomes with the 
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added CTT peptide without antibodies in the medium taken as 100%. Antibodies used are 
anti-MMP-2, anti-MMP-9 and anti-cytosolic domain of integrin p3 which was used as a 
control antibody. Final concentrations of the indicated peptide, Adriamycin, antibodies, 
and liposomes (expressed as total phospholipid) were 85 |iM, 0.2 mM, 20 ng/ml, and 0.4 
5 pM, respectively. Error bars represent standard deviation for four separate experiments. 

Figure 7. Effects of the indicated gelatinase inhibitors on the uptake of rhodamine B 
containing liposomes (PC/PE, 80/20 molar ratio) by HT 1080 cells. Results are shown as 
the percentage of rhodamine fluorescence of the cells incubated with liposomes with the 

10 added CTT peptide without the antibodies in the medium taken as 100%. The inhibitor 
used here is TIMP-2 (10 |ig/ml). Marimastat (50 pM) is a MMP family inhibiting 
synthetic drug, EDTA is a Zn 2+ gelator (500 jaM) and aprotinin (1 ^g/ml) is a serine 
protease inhibitor. Final concentrations of the indicated peptide, rhodamine, and 
liposomes (expressed as total phospholipid) were 85 |iM, 0.2 mM, and 0.4 \xM y 

15 respectively. Error bars represent standard deviation for four separate experiments. 

Figure 8. Comparison of the effects of CTT, CLP, STT, and CWL on U937 cell killing 
induced by Adriamycin-containing liposomes and assessed by EthD-1 fluorescence. Cells 
were incubated with Adriamycin (200 ng/ml) encapsulated in liposomes (200 jjM total 

20 phospholipid, PC/PE = 80/20, molar ratio) and the indicated peptides. Final 
concentrations of the indicated peptide, Adriamycin, and liposomes (expressed as 
phospholipid) were 85 jjM, 0.2 mM, and 0.4 |iM, respectively. Results are expressed as 
RFI/RFIo, where RFIo is the value for cells incubated with Adriamycin-containing 
liposomes without the peptides. Concentration of the peptides was 85 |jM, Bars indicate 

25 standard deviations (n=3). 

Figure 9. CTT-liposome intake correlates with addition of phorbol ester in short 
induction times, which is known to stimulate gelatinase expression, and that way 
gelatinases, on the cell surface. When induction time prolongs, gelatinases are located 
30 also in the medium. The amount of free gelatinase in the medium rises, whereby liposome 
intake is inhibited. 
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Figure 10. Targeting of Cytochrome c to HT1080 cells using CTT-PEG-Iiposomes. Cell 
viability is tested by MTT assay and results are given as relative fluorescence intensity at 
590 nm. 'No addition' indicates ceil viability without the toxic drug. 'Drug without 
liposomes' indicates a situation where cytochrome c is added on the cells without 
5 liposomes. 'Non-targeted drug liposomes' are pegylated liposomes without CTT, and 
'CTT-drug liposomes' are pegylated liposomes where CTT peptide is attached at the far 
ends of PEG. 

Figure 11 A to 11C. Targeting of Tc99m-labeled CTT and/or liposomes to a tumor in 
10 nude mouse model using KS tumor model. (A) Liposomes with CTT; (B) Labeled CTT 
alone; (C) I-125-labeled liposomes. 

Detailed Description of the Invention 

1 5 Abbreviations: 



CLP CLPGHWGFPSC (SEQIDNO:7) 

CTT CTTHWGFTLC (SEQ ID NO:6) 

CWL CWLTFTHGTC (SEQ ID NO:9) 

DMEM Dulbecco's Modified Eagle Medium 

20 DMSO dimethylsulphoxide 

DPPE dipalmitoylphosphatidylethanolamine 

DPPRho l,2-dihexadecanoyl-5/i-glycero-3-phosphoethanolamino-thiocarbamoyl- 
N-6-tetramethylrhodamine 

ECM extracellular matrix 

25 EGF epidermal growth factor 

eggPC egg yolk phosphatidylcholine 

LUV large unilamellar vesicle 

MLV multilamellar vesicle 

MMP matrix metalloproteinase 

30 NBD-PE 1 -acyl-2-((7-nitro-2- l,3-benzoxadiazol-4-yl)amino)dodecanoyl- 1 -sn- 

glycero-3 -phospho-ethanolamine 

NHS N-hydroxysulfosuccinimide 

PA phosphatidyl acid 

PC phosphatidylcholine 

35 PE phosphatidyl ethanolamine 

PEG polyethylene glycol 

POPC l-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 

POPE l-palmitoyl-2-oleoyl-5Aj-glycero-3-phosphoethanolamine 

RFI relative fluorescence intensity 

40 SDS sodium dodecyl sulphate 

STT STTHWGFTLS (SEQ ID NO:8) 

TIMP-2 tissue inhibitor of metalloproteinases-2 
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Gelatinase inhibiting peptides. Three peptides were selected for this study (Table 1). 
CTT is a recently described cyclic collagenase inhibitor, which has been shown to target 
to tumors (Koivunen et al., 1999). STT is the corresponding linear sequence of CTT in 
which the terminal cysteines were replaced by serines. The third peptide was CTT 

5 homolog CLP, found by sequence homology search from SWISS-PROT and EMBL 
databases by Blast 1.4.11 program. Since our main interest was the conserved part of 
CTT, our query sequence was CXXHWGFTXC (SEQ ED NO:2)(Koivunen et al. y 1999). 
Computer search revealed nine homologs, among them the sequence of CLP, which is a 
part of EGF-7 domain in human laminin [3-1 chain (LMB1). Three of the other eight 

10 homologs were laminins from other species, one was from immunoglobulin heavy chain, 
and four were thiazide-sensitive sodium-chloride cotransporters from human and other 
species. Because this latter group had less apparent similarity to CTT, we focused instead 
on CLP, the CTT-resembling sequence of the laminin EGF-7 domain. Notably, all three 
peptides (CTT, CLP and STT) inhibited the activity of MMP-2 as assessed by casein 

15 zymography (Fig. 1). Extent of inhibition was approx. 70% at 85 ^iM CTT. Also CLP was 
a potent inhibitor of MMP-2, causing a 50% inhibition at 85 \xM peptide. The linear CTT 
analog STT (85 |iM) reduced the activity of MMP-2 by approx. 30%. Similar results were 
also obtained with MMP-9. 

20 Free CTT and CTT complexed with liposomes inhibited MMP-9 also when studied by the 
gelatinase assay employing the fluorogenic peptide as a substrate (Fig. IB) in keeping 
with the results obtained by casein zymography. The IC50 values for CTT and CTT- 
liposome were 8 jiM in both assays. These results additionally demonstrate the MMP-9 
interacting an epitope of CTT to remain available for interaction with the enzyme when 

25 bound to the lipid membrane. Complete inhibition of MMP-9 (5 nM) in this assay was 
obtained by 100 |iM EDTA chelating the Zn 2+ required for catalysis. 

Interaction with phospholipid monolayers* The amino acid composition of CTT readily 
suggests this peptide to be hydrophobic. Accordingly, it was of interest to study if CTT 
30 binds to lipids. For comparison we also investigated CLP and STT. For this purpose we 
used phospholipid monolayers residing on an air/buffer interface, a model biomembrane 
which has been widely utilized to study lipid-protein interactions and the effects of 
proteins on the lateral organization of lipid monolayers (Soderlund et aL, 1999). 
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Penetration of the peptide injected underneath a lipid monolayer increases the surface 
pressure 7t, and peptides which do not insert into lipid monolayers cause no changes in 
surface pressure. Initial surface pressure (7t 0 ) of eggPC monolayers was varied between 
10 and 40 mN/m and increments in surface pressure (Arc) due to the addition of peptides 
5 (final concentration 200 \iM) into the subphase were measured (Fig. 2). All three peptides 
readily penetrated into the monolayer films and the slopes of An vs. tzq were qualitatively 
similar. At initial monolayer packing pressures exceeding 38, 31, and 33 mN/m for CTT, 
STT, and CLP, respectively, the membrane penetration of these peptides was abolished. 

10 Interactions with liposomes. The above experiments using eggPC lipid monolayers 
revealed CTT, CLP, and STT to bind to membranes. This was confirmed by measuring 
Trp fluorescence emission anisotropy for CTT in the presence of increasing 
concentrations of liposomes (Fig. 3 A). Accordingly, in the absence of liposomes the value 
for r was 0.065, reflecting rapid Brownian rotational diffusion of the peptide in solution. 

15 However, increasing concentrations of liposomes caused progressively increasing r, up to 
0.349 measured at 230 fiM phospholipid. Approximately half-maximal effect was evident 
at CTT/phospholipid molar ratio close to 5:90. 



Intrinsic tryptophan fluorescence allows to estimate possible changes in the micro- 
20 environment of this fluorophore upon the association of the peptide with liposomes. The 
value for I350/I330 measured in PBS for the Trp residue of CTT is 1.4, whereas in the 
presence of LUVs (0.5 mM total phospholipid) this ratio decreased to 1.00. Trp thus 
resides in a more hydrophobic environment in the presence of liposomes, in keeping with 
partitioning of CTT into lipid membrane. In addition, the quenching of Trp by I" was 
25 reduced in the presence of liposomes, and reveals that Trp in CTT is only partially 
exposed to the water soluble collisional quencher I". The Stern- Volmer constants were 
0.0087 and 0.0034 in absence and presence of liposomes, respectively. 

Some lipid-binding peptides and proteins can induce fusion of lipid vesicles. In order to 
30 explore this possibility, labelled and non-labelled LUVs were mixed in the absence and 
presence of peptides, and lipid mixing was measured as described earlier. However, 
neither CTT, STT, nor CLP caused measurable changes in the fluorescence emission 



BNSDOCID: <WO 02076491 A 1_l_> 



WO 02/076491 PCT/FI02/00252 

10 

intensity of NBD-PE within 15 min, revealing lack of lipid mixing and thus also vesicle 
hemifusion and fusion (data not shown). 

Effects on cellular uptake of liposomes. The above data show that CTT binds to 
5 phospholipids and that CTT does not cause liposome fusion. Accordingly, it was of 
interest to investigate the possibility that CTT could be used in liposome targeting. We 
first approached this by including a fluorescein lipid marker pPPRho, into liposomes as 
described in Materials and Methods. Subsequently, CTT was added to these liposomes, 
whereafter they were added to U937 leukemia cells, serving here as a model of 
10 gelatinase-expressing cells. After 5 min the cells were washed and the fluorescence in 
cells measured by microplate reader. CTT promoted the association of the liposomes with 
U937 cells and approx. 3.7-fold more of the fluorescent marker DPPRho was bound to 
the cells when CTT was present (data not shown). 

15 We then proceeded to study the ability of CTT to enhance the uptake by U937, CHO, 
NRK52E, and HT 1080 cells of the water-soluble fluorescent marker, rhodamine B 
encapsulated into liposomes. Same liposomes but without CTT were used as a control. 
Five minutes after the liposomes with CTT were added to cells, the soluble rhodamine 
label could be detected in cells by fluorescence microscopy. CTT enhanced rhodamine 

20 intake by U 937 and HT 1080 cells but not by CHO cells (Fig. 4). All U 937 and HT 1080 
cells have fluorescence but it is distributed in an uneven manner between the cells, so 
some cells emit more fluorescence than others. Expression of MMP-2 as MMP-9 is 
essential for liposome uptake. Accordingly, Chinese hamster ovary (CHO) cells which do 
not express gelatinases according to our zymographic assay, showed no uptake of CTT- 

25 liposomes under conditions where an enhanced liposome uptake was evident for HT1080 
and U937 cells. 

Uptake of liposome-encapsulated rhodamine was quantitated by fluorescence plate- 
reader. The uptake of liposome-encapsulated rhodamine into U937 cells was enhanced 
30 3.6-fold by CTT, compared to the uptake of liposomes lacking the peptide (Fig. 5 A). 
Only minor effect was observed for STT and CLP, and the signal was too weak to be 
statistically significant in comparison with liposomes lacking the peptides. The scrambled 
cyclic peptide CWL was also inefficient in promoting the liposome uptake. Similar effect 
of CTT on liposome uptake was evident for human HT1080 fibrosarcoma and NRK52E 
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rat kidney epithelial-like cells (data not shown). CTT did not promote the uptake of free 
rhodamine B. Enhanced liposome uptake by CTT was evident only at 37°C but not at 
4°C, thus indicating active receptor-mediated endocytosis to be involved (Fig. 5B). The 
effect of TP A on the uptake of CTT-liposomes is biphasic and after a short exposure time 
5 (15 min) liposome intake is increased, whereas after prolonged incubation (75 min) 
uptake of liposomes is inhibited. This could be explained by gelatinase at low 
concentrations remaining bound mainly to the cell surface whereas at high concentrations 
the excess gelatinase locates in the extracellular space (Toth et al y 1997). 

10 Gelatinases as targets of CTT-liposome complexes. We further investigated if cell 
surface-bound gelatinases were the receptors for the CTT-containing liposomes. Cells 
were washed to remove soluble forms of gelatinases, and then preincubated for 30 min 
with MMP inhibitors or specific antibodies before the addition of liposomes. These 
experiments showed that the internalization of CTT-containing liposomes by HT1080 

15 cells could be particularly efficiently prevented by antibodies to MMP-9. In particular two 
such MMP-9 antibodies, when used together, completely blocked the internalization of 
the liposome encapsulated fluorescent dye (Fig. 6). Inhibition by an antibody to MMP-2 
was only partial. An antibody against cytosolic part of integrin pi had no effect. These 
results indicate a specific blockade of the liposome uptake by the anti-MMP-9 and anti- 

20 MMP-2 antibodies. 

Studies with a panel of proteinase inhibitors revealed that MMP inhibitors but not serine 
proteinase inhibitors prevented the liposome uptake. MMP inhibitors TIMP-2 and 
Marimastat and the cation-chelator EDTA each had a similar effect, causing an approx. 
25 50% inhibition of liposome transfer into cells (Fig. 7). Serum trypsin inhibitors or 
aprotinin had no significant inhibitory effect in cells cultured in 10% fetal calf serum 
which internalized the liposomes. 

Adriamycin, a widely used anticancer drug, has been encapsulated into liposomes with 
30 high efficiency (Gokhale et al % 1996). The efficiency of CTT to promote liposome uptake 
and to target this therapeutic agent to tumor cells was studied in U937 culture. CTT was 
added to the liposome solution to a 200 |aM concentration, corresponding to a 
CTT/phospholipid molar ratio of -1:2. This solution was then added to U937 cells to 



BNSDOCID: <WO 02076491 A1 _l_> 



WO 02/076491 



PCT/FI02/00252 



12 

yield final CTT and Adriamycin concentrations of 85 |iM and 0.4 yM 9 respectively. Up to 
the concentrations used in this study the synthetic peptides and liposomes as such were 
not toxic to the cells (data not shown). Liposomes without added CTT were employed as 
a control and eel! killing was assessed by the EthD-1 assay. After 24 h, a 4.1 -fold increase 
5 in killing of the cells (p<0.001) was observed in comparison to liposomes without CTT 
(Fig. 8). Also gelatinase inhibiting peptides STT and CLP, but not the scrambled CWL 
peptide, enhanced cell killing by liposome-encapsulated adriamycin, yet to a lesser degree 
than CTT. Accordingly, STT and CLP increased the number of dead cells 1.7- and 1.3- 
fold (p<0.01), respectively. 

10 

PEG-liposomes. We also made PEG-liposomes, in which a PEG-lipid derivative is 
attached to the carboxy terminal of the CTTHWGFTLC peptide via l-ethyI-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (Grabarek and Gergely, 1990). DPPE, 
which has a carbamate linkage to PEG (2000), has an amine group in one of its ends. The 

1 5 use of PEG-lipid derivatives prolongs the in vivo circulation time of liposomes. It also 
anchors the peptide to the liposome surface, preventing the association of the peptide 
from the liposome in blood circulation. It can be used for targeting of tumor cells, tumor 
blood vessels, rheumatic arthritis lesions and other diseased tissues, where gelatinases are 
abundantly expressed. The molecular weights of the most commonly used PEGs are 

20 2,000 and 5,000, but PEGs ranging from 600 to 12,000 are also used. The lipid part of the 
conjugate can vary from saturated or unsaturated PEs to cholesterol and ceramides with a 
short chain (C8), intermediate chain (CI 4) and long chain (C20) fatty acids. On the lipid 
side an infinite variety of lipid anchors from PEs to PAs, cardiolipin, cholesterol or 
ceramides can be used. As a functionalized group amine is used here, but all other 

25 reactive groups, which can bind peptides or modified peptides to EG-derivatives, can also 
be used, such as biotin, maleimide, or carboxy-NHS-ester. 

CTT peptide/liposome is taken by the cells in a way that responds with adding of phorbol 
ester, known to stimulate gelatinase expression (Fig. 9). This shows that the gelatinase 
30 expression levels correlates with CTT-liposome intake. In our studies we have used 
Chinese Hamster Ovary cells, which do not express in significant level gelatinases by our 
gelatin zymography assays. In our results liposome targeting did not happen in the case of 
CHO cells. This brings us to suggest that CTT-liposome intake is cell type-dependent and 
correlates with gelatinase expression level of the cell type. 
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Liposome targeting experiments, which utilised liposomes having CTT peptide on the 
surface of the liposome and rhodamine inside of the liposome, revealed that liposome 
targeting is successful at 37 °C but not in 4 °C. This implements that active receptor- 
5 mediated endocytosis has to take place when liposomes are internalized. 

CTT-liposome intake correlates with addition of phorbol ester in short induction times, 
which is known to stimulate gelatinase expression, and that way gelatinases, on the cell 
surface. When induction time prolongs, gelatinases are located also in the medium. The 
10 amount of free gelatinase in the medium rises, whereby liposome intake is inhibited (Fig. 
10). 

In vivo experiments of liposome targeting were also carried out. Figure 11A shows a 
gamma image of a nude mouse treated with radiolabeled CTT-peptidoliposome. CTT 

15 was labeled with Technetium-99m, which chelates between the two cysteine residues. 
Gamma imaging was done 30 min following the injection via the tail vein. The site of the 
tumor (implanted KS1767 Kaposi's sarcoma) is indicated by an arrow. Figure 1 IB shows 
a gamma image using CTT-peptide without liposomes, and Figure 11C using liposomes 
without CTT-peptide, labeled with radioactive Iodine- 125-labeled BSA, encapsylated 

20 inside of the liposome. 

EXPERIMENTAL 
Materials and Methods 

25 

Materials. Egg yolk phosphatidylcholine (eggPC), l-palmitoyl-2-oleoyl-5 , w-glycero-3- 
phosphoethanolamine, (POPE), adriamycin (doxorubicin), rhodamine B, and 0.01 M 
phosphate-buffered saline with 2.7 mM KC1 and 0.137 M NaCl, pH 7.4 at 25°C (PBS) 
were purchased from Sigma and l-acyl-2-((7-nitro-2-l,3-benzoxadiazol-4-yl)amino)- 
30 dodecanoyl-l-5«-glycero-3-phospho-ethanolamine (NBD-PE) and l-palmitoyl-2-oleoyl- 
s??-glycero-3-phosphocholine (POPC) from Avanti (Birmingham, AL). The other 
fluorescent lipid 1 ,2-dihexadecanoyl-5w-glycero-3-phosphoethanolamino-thiocarbamoyl- 
N-6-tetramethylrhodamine (DPPRho), and the fluorescent probe phenanthridinium, 5,5'- 
[l,2-ethanediylbis(imino-3,l-propanediyl)]bis(3,8-diamino-6-phenyl)-,dichloride, dihyd- 
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rochloride (EthD-1) were from Molecular Probes (Leiden, Netherlands). MMP-2 was 
purchased from Boehringer Mannheim GmbH (Germany). Dulbecco's Modified Eagle 
Medium (DMEM) and RPMI 1640 cell culture medium with Glutamax-1 were from 
Gibco Life Technologies (Paisley, Scotland). Phospholipid stock solutions were made in 
5 chloroform. The purity of lipids was checked by thin-layer chromatography on silicic acid 
coated plates (Merck, Darmstadt, Germany) using chloroform/methanol/water (65:25:4, 
v/v) as a solvent. Examination of the plates after iodine staining, or when appropriate, 
upon fluorescence illumination revealed no impurities. Concentrations of the 
nonfluorescent phospholipids were determined gravimetrically using a high precision 

10 electrobalance (Cahn Instruments, Inc., Cerritos, CA, USA) and those of the fluorescent 
phospholipid analogs spectrophotometrically using the molar extinction coefficients 6= 
93,000 at 540 nm for DPPRho and e= 21,000 at 463 nm for NBD-PE, with methanol as a 
solvent. Anti-human MMP-9 and MMP-2 were kindly provided by Dr. Timo Sorsa 
(Department of Medical Chemistry and Periodontology, University of Helsinki, Finland). 

15 Marimastat was obtained from British Biotech. TIMP-2 and the fluorogenic substrate for 
MMP-2, MCA-Pro-Leu-Ala-Nva-Dpa-Ala-Arg from Calbiochem (La Jolla, CA, USA). 

Sequence homology search. CTT (CTTHWGFTLC)(SEQ ID NO:6) homologs were 
searched with BLASTP 1.4.11 MP using strategy (identity matrix, word size one, and 

20 expectation value as 1000) recommended for small peptides by National Center of 
Bioinformation. The other parameters were kept at their default values. Our query 
sequence was CXXHWGFTXC (SEQ ID NO:2). Nine analogs were found, among them 
was a part of the EGF-7 domain in human laminin p-1 chain precursor CLPGHWGFPSC 
(denoted here as CLP, SEQ ID NO:7). Homologs to CLP were also searched for and were 

25 compared with the SWISS-PROT SIM program. 

Synthetic peptides. Peptides were synthesized on an Applied Biosystems 433 A (Foster 
City, CA, USA) automatic synthesizer using Fmoc-chemistry. Disulfide bridges were 
formed in 5% acetic acid (pH 6.0) containing 20% dimethyl sulphoxide (DMSO) by 
30 incubation overnight at room temperature with continuous stirring (Domingo et al. 9 
1995). After 1:2 dilution with 0.1 % trifluoroacetic acid, peptides were loaded onto a 
preparative reversed phase HPLC column and eluted by an acetonitrile gradient. The 
identity of the peptides was verified by mass spectrometry. The peptides used in this 
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study, with their amino acid sequences and respective abbreviations, are compiled in 
Table 1. 



Table 1. Amino acid sequences of CTT, CLP, STT and CWL with the conserved residues 
5 highlighted. The molecular weights are in parentheses. 



CTT: Cys-Thr-Thr-His-Trp-GIy-Phe-Thr-Leu-Cys (1 168) (SEQ ID NO:6) 

CLP: Cys-Leu-Pro-Gly-His-Trp-Gly-Phe-Pro-Ser-Cys (1 203) (SEQ ED NO:7) 

STT: Ser-Thr-Thr-His-Trp-Gly-Phe-Thr-Leu-Ser (1136) (SEQ ID NO:8) 

10 CWL: Cys-Trp-Leu-Thr-Phe-Thr-His-Gly-Thr-Cys (1 168) (SEQ ID NO:9) 



Assay for gelatinases. Inhibition of MMP-9 and MMP-2 by the different synthetic 
peptides was measured using casein zymography (Halinen et a/., 1996). MMP-9 was 
purified as described (Sorsa et al y 1997). Subsequently, MMP-2 (2.5 pig) or MMP-9 (2.5 

15 jig) was run on a 10% SDS-PAGE containing two mg/ml casein. The gel was first washed 
in Triton X-100 containing buffer to remove SDS, and it was cut into five slices which 
were immersed into peptide (CTT, CLP, CWL or STT) containing solutions (85 |iM). 
After incubation for 48 hrs at 37°C, the gels were stained with Coomassie blue, scanned, 
and the digested areas quantitated using image analysis (Global Lab Image 3.2, Data 

20 Translation Inc. and Acuity Imaging Inc., Marlboro, MA, USA). 



The activity of MMP-9 was measured also using the fluorogenic peptide substrate MCA- 
Pro-Leu-Ala-Nva-Dpa-Ala-Arg (Calbiochem, San Diego, CA, USA). More specifically, 
50 ng of MMP-9 was preincubated in PBS for 30 min at RT in the absence or presence of 
25 CTT or its liposome complex. Subsequently, the fluorogenic substrate was added to a 
final concentration of 0.1 mM and the incubation was continued at 37°C for 15 min, 
whereafter fluorescence intensities were measured with exitation at 340 nm and emission 
at 390 nm in a micro titer plate reader. 



30 Interaction of peptides with lipid monolayers. Penetration of peptides into mono- 
molecular lipid films was measured using magnetically stirred circular wells (subphase 
volume 400 |al). Surface pressure (7t) was monitored with a Wilhelmy wire attached to a 
microbalance (|i Troughs, Kibron Inc., Helsinki, Finland) connected to a Pentium PC. 
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Lipids were spread on the air-buffer (PBS, pH 7) interface in chloroform (approx. one 
mg/ml) to different initial surface pressures (no) and were allowed to equilibrate for 15 
min before the addition of the indicated peptides (4 jxl, 10 mg/ml in H 2 0 and CWL in 
DMSO) into the subphase. The increment in n from the initial surface pressures (7Co) after 
5 the addition of peptide was complete in approximately 20 min and the difference between 
no and the value observed after binding of the peptide into the film was taken as An. All 
measurements were performed at ambient temperature (~ +24 °C). The data are 
represented as An vs. no (Brockman, 1999). 

10 Preparation of liposomes. Lipid stock solutions were mixed in chloroform to obtain the 
desired compositions. The solvent was removed under a gentle stream of nitrogen and the 
lipid residue was subsequently maintained under reduced pressure for at least 2 h. 
Multilamellar liposomes were formed by hydrating the dry lipids at room temperature 
with one ml of PBS containing rhodamine B (10 |*M) or adriamycin (1.8 |aM) to 

15 encapsulate these compounds into liposomes, so as to yield a lipid concentration of one 
mM. Multilamellar liposomes were freeze/thawed five times to enhance encapsulation 
(Clifford et al. y 1990). Large unilamellar vesicles (LUVs) were obtained by extruding the 
MLV dispersions 19 times through a 100 nm pore size polycarbonate membrane 
(Nucleapore, Pleasanton, CA, USA) with a LiposoFast Pneumatic gas pressure operated 

20 small-volume homogenizer (Avestin, Ottawa, Canada). The pressure used for extrusion of 
vesicles through the filters was 25 psi (-170 kPa). When indicated, the peptides (2 mg/ml 
in PBS, except CWL in DMSO) were mixed with the LUVs to yield final lipid and 
peptide concentrations of 1 mM and 0.5 mg/ml, respectively. 

25 Preparation of PEG-liposomes DPPE, which has a carbamate linkage to PEG (2000), 
has an amine group in one of its ends. PEG-lipid derivative is attached to the carboxy 
terminal of the CTTHWGFTLC peptide via l-ethyl-3-(3-dimethylaminopropyl) carbodi- 
imide hydrochloride (Grabarek and Gergely, 1990). CTT-PEG-PE is purified by gel 
filtration. 4% of CTT-PEG-PE is added to 16 % of POPE and 80% POPC (mol/mol) and 

30 prepared as liposomes above. 

Fluorescence spectroscopy. The environments of the tryptophan residues of CTT, STT, 
CLP, and CWL in liposomes were studied by fluorescence spectroscopy. The center of 
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Trp fluorescence peak is at —350 nm when in water, whereas in a hydrophobic 
environment the emission is centered near 330 nm. Accordingly, changes in the 
microenvironment of Trp can be monitored by measuring I350/I330, the ratio of the 
emission at 350 nm to that at 330 nm (Lakowicz, 1999). Tryptophan fluorescence was 
5 recorded with a Perkin Elmer LS 50 B spectrofluorometer equipped with a magnetically 
stirred and thermostated cuvette compartment. All measurements were done at 37°C in 5 
mM Hepes, 0.1 mM EDTA, pH 7.4 buffer. Excitation and emission bandpasses were 10 
nm and 10 nm, respectively. Excitation wavelength was 295 nm, and emission spectra 
were recorded in the range 300 to 400 nm. Trp emission spectra of CTT, STT, CLP, and 
10 CWL were recorded both in absence of and presence of POPC/POPE (80/20, mol/mol) 
LUVs, yielding final lipid concentrations of 10 jxM and 100 |iM, as indicated. 

Fluorescence polarization of the Trp residue of CTT as a function of increasing 
concentration of liposomes was measured using rotating polarizers in the excitation and 
15 emission beams, with a bandpass of 10 nm. The results are expressed as emission 
anisotropy (Lakowicz, 1999) calculated as follows: 
r = (I„-I0/( I n +2Ix). 

In this equation Ij_ and In represent the emission intensity perpendicular and parallel, 
respectively, to the excitation polarizer. 

20 

The extent of exposure of Trp to the aqueous phase was studied using I" as a collisional 
quencher (Lakowicz, 1999). The extent of quenching was calculated by using the 
equation: 

F 0 /F= l+k[Q]= 1+kq-cotQ] 

25 where Fo and F are Trp fluorescence intensities at 345 nm in the absence and presence of 
the quencher, Q, x 0 is Trp fluorescence lifetime in the absence of the quencher, k is the 
Stern- Volmer constant (obtained from the slope of the linear fit of the data). Fluorescence 
of Trp in CTT (5 |iM) and its quenching were measured in the absence and presence of 
POPC/POPE (80:20, mol/mol) LUVs (final lipid concentration of 0.5 mM). The results 

30 were corrected for background caused by PBS and liposomes. 

Assay for lipid mixing. The ability of the CTT, CLP, STT, and CWL peptides to induce 
liposome fusion was assessed by measuring lipid mixing, as described earlier (Struck et 
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aL, 1981). In brief, NBD-PE (X=0.01) and DPPRho (X=0.01) were incorporated into 
liposomes (POPC/POPE, 78/20, mol/mol). Due to the spectral overlap of NBD-PE 
(donor) emission and DPPRho (acceptor) absorption resonance energy transfer between 
these dyes is highly efficient. As liposomes containing NBD-PE and DPPRho are mixed 
5 with non-labeled liposomes, fusion is observed as an increase in the emission intensity of 
NBD-PE due to the dilution of probes. Excitation and emission wavelengths for NBD-PE 
at 430 nm and 530 nm were used. All fluorescence measurements were done at 37°C. 

Assays for liposome uptake by cells. In order to study the effects of the different 
10 peptides on the cellular uptake of liposomes, rhodamine-labelled phospholipid analog 
(DPPRho) was incorporated into liposomes as a tracer, to yield a composition 
POPC/POPE/DPPRho (80: 19:1, mol/mol). The indicated peptides were mixed with LUVs 
and subsequently added to cells cultured in microtiter well plates. After an incubation for 
5 min at 38°C liposomes not bound to the cells were removed by rinsing the cells three 
15 times with cold PBS. The relative amount of DPPRho associated with the cells was 
determined using Tecan Spectrafluor Plus microplate reader (Tecan, Hombrechtigon, 
Switzerland) with excitation at 535 nm and emission at 595 nm. 

In another series of experiments the water-soluble fluorescent marker rhodamine B was 
20 encapsulated into liposomes and its uptake by cells was measured. Samples for rhodamine 
B uptake were prepared by mixing 60 \xl of POPC/POPE (80/20, mol/mol, one mM) 
liposomes containing 10 |iM rhodamine B to 300 \xl of DMEM medium supplemented 
with 10% fetal bovine serum, Glutamax I, penicillin 100 U/ml and streptomycin 0.1 
mg/ml. Peptides were then added to obtain a final concentration of 8.5 \iM. Ten nl (10 5 
25 cells) of medium containing the indicated cells were combined with the LUVs. After an 
incubation for 15 min at 37°C or +4°C liposomes not bound to the cells were removed 
from 96-well plates by rinsing three times with cold PBS. The +4°C temperature served 
as a control for non-endocytotic liposome uptake by cells (Oess and Hildt, 2000). The 
relative amount of rhodamine B associated with the cells was determined using 
30 microplate reader with excitation at 535 nm and emission at 595 nm. 

We also preincubated cells with phorbol ester (TP A) (50 nM). Preincubation times varied 
from 15 to 75 min. Treatment of cells by phorbol ester (TP A) increases both expression 
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and secretion of MMP-9 (Toth et al. 9 1997). Results are presented as RFI=I/I 0 , where RFI 
is relative fluorescence intensity, I 0 is the emission intensity for the control, 2 
MM rhodarnine B in LUVs without the peptides, and I is the rhodamine emission for the 
peptide-liposome complexes taken up by the cells. Effects of the indicated antibodies 
5 (aMMP-9 and aMMP-2) and gelatinase inhibiting compounds (TIMP-2, Marimastat and 
EDTA), on the uptake of rhodamine B containing liposomes (PC/PE, 80/20 molar ratio) 
by HT 1080 cells was performed as above. M-17 inhibits the binding of MMP-9 to the 
substrate and this inhibition is expected to be concentration dependent. It is not known if 
rabbit polyclonal antibody blocks human MMP-2 (Murphy et al., 1994). Final concen- 
10 trations of the indicated peptide, Adriamycin, antibodies and liposomes were 85 nM, 0.2 
mM, 20 jig/ml, and 0.4 |iM, respectively. 

Cell cultures and fluorescence microscopy. U937 (ECACC 85011440), HT 1080 
(ECACC 85111505), and CHO (ECACC 85050302) cells were cultured in RPMI or 
DMEM medium supplemented with 10% fetal bovine serum, Glutamax I, penicillin (100 
U/ml), and streptomycin (0.1 mg/ml). Uptake of rhodamine B containing liposomes by 
the cultured cells was verified by fluorescence microscopy. An inverted fluorescence 
microscope (Zeiss IM 35) equipped with Nikon extra long working distance objectives 
(20x) and (40x) were used. Samples were prepared as described for the rhodamine uptake 
assay, with slight modifications. Accordingly, instead of washing, U937, HT 1080, and 
CHO cells with the rhodamine-containing liposomes and in cell culture medium were 
transferred into Nunclon 48 plate wells. Excitation and emission wavelengths were 
selected by suitable bandpass filters (Melles-Griot) transmitting in the range 535 nm and 
>600 nm, respectively. Fluorescence images were viewed with a Peltier-cooled digital 
camera (C4742-95, Hamamatsu, Japan) connected to a computer and operated by 
software (Hipic 5.0) provided by the instrument manufacturer. 

Viability assays. Peptide-liposome complexes with the encapsulated adriamycin were 
made as described above, yielding final concentrations of peptide, lipid, and adriamycin 
30 of 85 |aM, 0.2 mM, and 0.4 |oM, respectively, and were subsequently added to a ten |nl 
(10 5 cells) sample of U937 cells. For the detection of dead cells EthD-1 was used. This 
fluorophore is membrane-impermeable and emits fluorescence only when bound to DNA 
(Papadopoulos et al., 1994). Accordingly, EthD-1 readily enters dead cells and binds to 
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their DNA, its fluorescence intensity correlating to the amount of dead cells. EthD-1 
emission was measured using microplate reader with excitation at 495 nm and emission at 
635 nm. Student's t-test was used to assess statistical significance. 

5 In vivo liposome targeting experiment. Iodination of BSA was performed by the 
Iodogen l,3,4,6-tetrachloro-3,6-diphenylglycoluril method. Briefly, 100 ^il (10 mg/ml) of 
BSA and ,25 I (50 MBg) were mixed in a Iodogen-coated vial. To separate free Iodogen 
PD-10 gel column was used to filter the reaction products. The forming of liposomes 
POPC/POPE (80:20 mol/mol) and encapsylation of Iodinated BSA was made as 
10 described earlier. 99m Tc labeled CTT-peptide was made by doc. SL Karonen from 
Helsinki University Hospital. Injected concentrations of CTT and lipids were 8.5 to 85 
fiM and 0.2 mM, respectively. Injection was performed via the tail vein and the volume 
varied from 50 \x\ to 200 |il. The final plasma concentration of the peptide was 0.085 
to 17 nM. 

15 

Gamma imaging was done 30 min following the injection. Gamma imaging was 
performed with a Picker Prism 1500XP single-head gamma camera connected to an 
Odyssey computer (Picker International, Highland Heights, OH). 25 nude NMRI mice 
weighting from 16 to 21 g, with Kaposi's sarcoma tumors implanted on their back. 

20 

Sequence listing free text: 

For SEQ ID NO: 1 to SEQ ID NO:5 



25 



Variable aa, Xaa in position 2 (3,4,8,9,10) can be any amino acid 
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Claims 



1 . Use of peptide compounds comprising a structure selected from the group consisting of 
peptides having the cyclic motif of C(X) y HWGFXXC and peptides having the linear 

5 motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 
or 3, in improving targeting of liposomes to tumor cells. 

2. Use of peptide compounds comprising a structure selected from the group consisting of 
peptides having the cyclic motif of C(X) y HWGFXXC and peptides having the linear 

10 motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 
or 3, in enhancing the uptake of liposomes to tumor cells. 

3. Use according to claim 1 or 2, wherein the peptide compound is selected from the 
group consisting of peptides CTTHWGFTLC, CLPGHWGFPSC and STTHWGFTLS. 

15 

4. Use according to any one of claims 1 to 3, wherein the tumor cells are tumor cells 
expressing matrix metalloproteinases. 

5. A method for improving targeting of liposomes to tumor cells of a patient, comprising 
20 the steps of 

(a) mixing with the liposomes at least one peptide compound selected from the 
group consisting of peptides having the cyclic motif of C(X) y HWGFXXC and peptides 
having the linear motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y 
is an integer of 2 or 3, and 
25 (b) administering the mixture obtained to the patient. 

6. A method for enhancing the uptake of liposomes by tumor cells of a patient, 
comprising the steps of 

(a) mixing with the liposomes at least one peptide compound selected from the 
30 group consisting of peptides having the cyclic motif of C(X) y HWGFXXC and peptides 

having the linear motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y 
is an integer of 2 or 3, and 

(b) administering the mixture obtained to the patient. 
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7. The method according to claim 5 or 6, wherein the liposomes are carrying at least one 
chemotherapeutic agent. 



8. A method for selected liposomal delivery of chemotherapeutic agents into tumor cells 
5 of a patient, comprising the steps of 

(a) mixing with liposomes carrying at least one chemotherapeutic agent at least one 
peptide compound selected from the group consisting of peptides having the cyclic motif 
of C(X) y HWGFXXC and peptides having the linear motif of S(X) y HWGFXXS, wherein 
X is any amino acid residue and y is an integer of 2 or 3, and 
10 (b) administering the mixture obtained to the patient. 

9. The method according to claim 7 or 8, wherein the chemotherapeutic agent is 
adriamycin. 

15 10. The method according to any one of the claims 5 to 9, further comprising a step of 
adding polyethylene glycol (PEG) to the liposomes. 

11. The method according to any one of the claims 5 to 10, wherein the peptide 
compound is selected from the group consisting of peptides CTTHWGFTLC, 
20 CLPGHWGFPSC and STTHWGFTLS. 



12. The method according to any one of the claims 5 to 11, wherein the tumor cells are 
tumor cells expressing matrix metalloproteinases. 

25 13 . A method for treating cancer in a patient, comprising the steps of 

(a) obtaining liposomes carrying at least one chemotherapeutic agent, 

(b) mixing with the liposomes at least one peptide compound selected from the 
group consisting of peptides having the cyclic motif of C(X) y HWGFXXC and peptides 
having the linear motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y 

30 is an integer of 2 or 3, and 

(c) administering the mixture obtained to the patient. 

14. The method according to claim 13, further comprising a step of adding polyethylene 
glycol (PEG) to the liposomes. 
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15. The method according to claim 13 or 14, wherein the peptide compound is selected 
from the group consisting of peptides CTTHWGFTLC (SEQ ID NO:6), 
CLPGHWGFPSC (SEQ ID NO:7) and STTHWGFTLS (SEQ ID NO:8). 

5 

16. The method according to any one of the claims 13 to 15, wherein the 
chemotherapeutic agent is adriamycin. 

17. A diagnostic method for detecting a suspected tumor in a patient, comprising the steps 
10 of 

(a) mixing with liposomes at least one peptide compound selected from the group 
consisting of peptides having the cyclic motif of C(X) y HWGFXXC and peptides having 
the linear motif of S(X) y HWGFXXS, wherein X is any amino acid residue and y is an 
integer of 2 or 3, 
1 5 (b) adding to the mixture a detectable label, 

(c) administering the labelled mixture to the patient, and 

(d) detecting the label by autoradiography or gamma imaging. 

18. The method according to claim 17, wherein the peptide compound is selected from 
20 the group consisting of peptides CTTHWGFTLC, CLPGHWGFPSC and 

STTHWGFTLS. 

19. The method according to claim 17, wherein the detectable label is a radioactive label, 
a magnetic particle, or a fluorescent label. 

25 

20. A diagnostic or imaging test kit for carrying out the method according to claim 17, 
comprising 

- liposomes, 

- at least one peptide compound selected from the group consisting of peptides 
30 having the cyclic motif of C(X) y HWGFXXC and peptides having the linear motif of 

S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 or 3, and 

- a detectable label. 
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21. The diagnostic or imaging test kit according to claim 20, wherein the peptide 
compound is selected from the group consisting of peptides CTTHWGFTLC, 
CLPGHWGFPSC and STTHWGFTLS. 

5 22. The diagnostic or imaging test kit according to claim 20, wherein the detectable label 
is a radioactive label, a magnetic particle, or a fluorescent label. 

23. A diagnostic or imaging composition, comprising 

- liposomes, 

10 - at least one peptide compound selected from the group consisting of peptides 

having the cyclic motif of C(X)yHWGFXXC and peptides having the linear motif of 
S(X) y HWGFXXS, wherein X is any amino acid residue and y is an integer of 2 or 3, and 

- a detectable label. 

15 24. The diagnostic or imaging composition according to claim 23, wherein the peptide 
compound is selected from the group consisting of peptides CTTHWGFTLC, 
CLPGHWGFPSC and STTHWGFTLS. 

25. The diagnostic or imaging composition according to claim 23, wherein the detectable 
20 label is a radioactive label, a magnetic particle, or a fluorescent label. 
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1 

SEQUENCE LISTING 

<110> Licentia Oy 

<120> Liposome targeting of matrix metalloproteinase inhibitors 

<130> 37868 

<140> 
<141> 

<160> 9 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 10 
<212> PRT 

<213> Unknown Organism 
<220> 

<221> SITE 
<222> (2) 

<223> Variable aa, Xaa in position 2 can be any amino acid 
<220> 

<221> SITE 
<222> (3) 

<223> Variable aa, Xaa in position 3 can be any amino acid 
<220> 

<221> SITE 
<222> (8) 

<223> Variable aa, Xaa in position 8 can be any amino acid 
<220> 

<221> SITE 
<222> (9) 

<223> Variable aa, Xaa in position 9 can be any amino acid 
<400> 1 

Cys Xaa Xaa His Trp Gly Phe Xaa Xaa Cys 
15 10 



<210> 2 
<211> 10 
<212> PRT 

<213> Unknown Organism 
<220> 

<221> SITE 
<222> (2) 

<223> Variable aa, Xaa in position 2 can be any amino acid 
<220> 

<221> SITE 
<222> (3) 

<223> Variable aa, Xaa in position 3 can be any amino acid 
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<220> 

<221> SITE 
<222> (9) 

<223> Variable aa, Xaa in position 9 can be any amino acid 
<400> 2 

Cys Xaa Xaa His Trp Gly Phe Thr Xaa Cys 
1 5 10 



<210> 3 
<211> 11 
<212> PRT 

<213> Unknown Organism 
<220> 

<221> SITE 
<222> (2) 

<223> Variable aa, Xaa in position 2 can be any amino acid 

<220> 

<221> SITE 
<222> (3) 

<223> Variable aa, Xaa in position 3 can be any amino acid 
<220> 

<221> SITE 
<222> (4) 

<223> Variable aa, Xaa in position 4 can be any amino acid 
<220> 

<221> SITE 
<222> (9) 

<223> Variable aa, Xaa in position 9 can be any amino acid 
<220> 

<221> SITE 
<222> (10) 

<223> Variable aa, Xaa in position 10 can be any amino acid 
<400> 3 

Cys Xaa Xaa Xaa His Trp Gly Phe Xaa Xaa Cys 
15 10 



<210> 4 
<211> 10 
<212> PRT 

<213> Unknown Organism 
<220> 

<221> SITE 
<222> (2) 

<223> Variable aa, Xaa in position 2 can be any amino acid 
<220> 

<221> SITE 
<222> (3) 

<223> Variable aa, Xaa in position 3 can be any amino acid 
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<220> 

<221> SITE 
<222> (8) 

<223> Variable aa, Xaa in position 8 can be any amino acid 
<220> 

<221> SITE 
<222> (9) 

<223> Variable aa, Xaa in position 9 can be any amino acid 
<400> 4 

Ser Xaa Xaa His Trp Gly Phe Xaa Xaa Ser 
15 10 



<210> 5 
<211> 11 
<212> PRT 

<213> Unknown Organism 

<220> 

<221> SITE 
<222> (2) 

<223> Variable aa, Xaa in position 2 can be any amino acid 

<220> 

<221> SITE 
<222> (3) 

<223> Variable aa, Xaa in position 3 can be any amino acid 
<220> 

<221> SITE 
<222> (4) 

<223> Variable aa, Xaa in position 4 can be any amino acid 
<220> 

<221> SITE 
<222> (9) 

<223> Variable aa, Xaa in position 9 can be any amino acid 
<220> 

<221> SITE 
<222> (10) 

<223> Variable aa, Xaa in position 10 can be any amino acid 
<400> 5 

Ser Xaa Xaa Xaa His Trp Gly Phe Xaa Xaa Ser 
15 10 



<210> 6 
<211> 10 
<212> PRT 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: Unknown 
<400> 6 

Cys Thr Thr His Trp Gly Phe Thr Leu Cys 
15 10 
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<210> 7 
<211> 11 
<212> PRT 

<213> Unknown Organism 
<400> 7 

Cys Leu Pro Gly His Trp Gly Phe Pro Ser Cys 
15 10 



<210> 8 
<211> 10 
<212> PRT 

<213> Unknown Organism 
<400> 8 

Ser Thr Thr His Trp Gly Phe Thr Leu Cys 
15 10 



<210> 9 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Artificial 



<400> 9 

Cys Trp Leu Thr Phe Thr His Gly Thr Cys 
1 5 10 
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